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PROBLEM TO BE SOLVED: To provide a method for producing a semiconductor device by 
which the occurrence of residue is prevented, a very fine pattern is formed and pattern shape 
ancTsize uniformity in a surface are further enhanced. 

SOLUTION: A 1st resist pattern capable of generating an acid is formed on a semiconductor 
substrate, a 2nd resist which causes a crosslinking reaction in the presence of the acid is 
applied on the 1st resist pattern and a crosslinked film is formed in the 2nd resist by supplying 
the acid from the 1st resist pattern. The uncrosslinked part of the 2nd resist is dissolved and 
removed using an aqueous solution to form a 2nd resist pattern, this 2nd resist pattern forming 
step is repeated plural times and the semiconductor substrate is etched using the resulting 2nd 
resist pattern as a mask to produce the objective semiconductor device. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms the 1st resist pattern which may generate an acid on a 
semi-conductor base material by the 1st resist, The process which forms the 2nd resist which 
causes crosslinking reaction by existence of an acid on said 1st resist pattern, The process which 
forms the bridge formation film in the part which touches said 1st resist pattern of said 2nd resist 
by supply of the acid from said 1st resist pattern, The process which carries out dissolution 
exfoliation of the part of said 2nd resist non-constructing a bridge using the water solution of water 
or a water-soluble organic solvent, and forms the 2nd resist pattern, The manufacture approach of 
the semiconductor device characterized by including the process which repeats the process which 
forms this 2nd resist pattern two or more times, and the process which etches said semi-conductor 
base material by using this 2nd resist pattern as a mask further. 

[Claim 2] The manufacture approach of the semiconductor device according to claim 1 which is the 
resist in which the 1st resist generates an acid by exposure in the process which forms said 1st 
resist pattern, the resist which contains an acid beforehand, or the resist which generates an acid 
by heat-treatment. 

[Claim 3] The manufacture approach of the semiconductor device according to claim 1 which is 
generated when the acid generated in said 1st resist pattern exposes said 1st resist pattern and the 
sensitization agent or acid generator contained in the 1 st resist decomposes, and is characterized 
by being ** which remains near the formed pattern interface after development. 
[Claim 4] The manufacture approach of the semiconductor device according to claim 1 
characterized by performing supply of the acid generated in said 1st resist pattern by diffusing the 
acid which is generated in case patterning of said 1st resist is carried out, and exists in the part 
near the pattern side attachment wall in the 2nd resist. 

[Claim 5] The manufacture approach of a semiconductor device according to claim 1 that said 2nd 
resist is characterized by using the copolymerization object of one kind or two kinds or more of 
water soluble resin, and two or more kinds of water soluble resin, one kind, or two kinds or more of 
water-soluble cross linking agents or such mixture as a principal component. 
[Claim 6] Said water soluble resin Polyacrylic acid, a polyvinyl acetal, a polyvinyl pyrrolidone, 
Polyvinyl alcohol, polyethyleneimine, polyethylene oxide, A styrene maleic anhydride copolymer, a 
polyvinyl amine, the poly allylamine, Oxazoline radical content water soluble resin, water-soluble 
melamine resin, a water-soluble urea-resin, One kind or two kinds or more of mixture of an alkyd 
resin and the sulfonamides, Or the manufacture approach of the semiconductor device according to 
claim 5 characterized by using these salts as a principal component and said water-soluble cross 
linking agent using one kind or these two kinds or more of mixture of a melamine derivative, a urea 
derivative, benzoguanamine, and the glycoluryl as a principal component. 
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[Claim 7] The manufacture approach of a semiconductor device according to claim 6 that said 
water-soluble cross linking agent is characterized by using one kind or two kinds or more of mixture 
of a melamine, an alkoxy methylene melamine, a urea, alkoxy methyleneurea, N-alkoxy 
methyleneurea, an ethylene urea, and an ethylene urea carboxylic acid as a principal component. 
[Claim 8] The manufacture approach of the semiconductor device according to claim 6 
characterized by for said water soluble resin being either of the mixture of a polyvinyl acetal, 
polyvinyl alcohol or polyvinyl alcohol, and a polyvinyl acetal, and said water-soluble cross linking 
agent being either of the mixture of a melamine derivative, a urea derivative or a melamine 
derivative, and a urea derivative. 

[Claim 9] The manufacture approach of a semiconductor device according to claim 1 that the 
solution for carrying out dissolution removal of the solvent used for said 2nd resist or the part of the 
2nd resist non-constructed a bridge is characterized by being pure water, the water solution which 
mixed the water-soluble organic solvent, or the water solution which mixed the surfactant to these. 
[Claim 10] The semiconductor device manufactured by the manufacture approach of a 
semiconductor device according to claim 1, 2, 3, 4, 5, 6, 7, 8, or 9. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In a semi-conductor process, in case this invention forms a resist pattern, it 
relates to the formation approach of the ingredient for detailed separation resist patterns which 
reduces the separation size or hole opening size of a pattern, and the detailed separation pattern 
using it, the manufacture approach of the semiconductor device using this detailed separation resist 
pattern further, and the semiconductor device manufactured by this manufacture approach. 
[0002] 

[Description of the Prior Art] Wiring and separation width of face which are required of a 
manufacture process are made detailed very much with high integration of a semiconductor device. 
Generally, formation of a detailed pattern forms a resist pattern with a photolithography technique, 
and is performed by the approach of etching the various thin films of a substrate by using the 
formed resist pattern as a mask. 

[0003] Therefore, in formation of a detailed pattern, a photolithography technique becomes very 
important. The photolithography technique consists of resist spreading, mask alignment, exposure, 
and development, and the limitation has produced it from constraint of exposure wavelength in 
detailedHzation to detailed-izing. 

[0004] Therefore, technique, such as JP,6~250379,A and JP,7-134422,A, is proposed as the 
formation approach of the detailed resist pattern exceeding the limitation of the photolithography 
technique by the conventional exposure. Such technique uses the counter diffusion of the resinous 
principle of the 1st resist and the 2nd resist. However, by these approaches, the meltable 
photoresist ingredient is used for the organic solvent in which is made to dissolve the 1st resist and 
it deals as the 2nd resist, and there is a problem of making the 1st resist pattern transform. 
[0005] Moreover, the approach of exfoliating the 2nd resist exposes the 2nd resist, generates an 
acid, and is carrying out dissolution removal of the 2nd resist using the developers (for example, 
alkaline developers, such as a tetramethylammonium hydrate (it abbreviates to "TMAH" hereafter) 
water solution, or a xylene etc.) in which are made to dissolve the 2nd resist and it deals. However, 
in order to expose also to the 1st resist which is a substrate at the time of exposure of the 2nd 
resist, it may solubilize. The 1st solubilized resist has high possibility that the 1st resist will be 
dissolved at the time of dissolution removal of the 2nd resist, a margin is small also as a process, 
and a process becomes complicated by the approach of removing the 2nd resist further. 
[0006] Moreover, the technique using the crosslinking reaction by the acid which exists in the 1st 
resist is also proposed. However, since the reactivity of the ingredient used as the 2nd resist is low, 
there is a problem that the process which newly generates an acid is required in the 1st resist, the 
possibility of the 1st resist dissolving in the developer of the 2nd resist is high as mentioned above 
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in that case, and a pattern configuration cannot be maintained. 

[0007] Moreover, when the polyvinyl alcohol of a publication is used for JP,6~250379,A as the 2nd 
resist, possibility dissolve the 1st resist which is a substrate is low, but in order to develop 
negatives only with that the effectiveness is small, that the pattern configuration after processing is 
bad, and water, sufficient washing is not performed, but development residue, such as silverfish, 
tends to remain on a pattern, and the problem which generates a pattern defect etc. remains at the 
time of etching which is degree process. 
[0008] 

[Problem(s) to be Solved by the Invention] As explained above, formation of the detailed resist 
pattern which exceeds the limitation of the wavelength with the photolithography technique by the 
conventional exposure was difficult. Moreover, although the technique of making pattern formation 
exceeding a wavelength limitation possible is also proposed, some problems remain and it is difficult 
to apply to actual semi-conductor manufacture. 

[0009] In detailed-izing of a separation pattern and a hole pattern, this invention makes pattern 
formation exceeding a wavelength limitation possible, and it offers the detailed separation resist 
pattern formation technique using this while it offers the ingredient which realizes detailed 
separation resist pattern formation with still less generating of residue. 

[0010] In JP,10-73927,A, the resist pattern of a good configuration was obtained by the rinse which 
removes the solvent used for the 2nd resist, or the part of the 2nd resist non-constructed a bridge 
by washing on a multistage story using the water solution which mixed water-soluble organic 
solvents, such as alcohol, in water or water, and we have already proposed simple technique without 
generating of residue. Furthermore, this approach by having found out a reactant high new ingredient 
very much into the 2nd resist ingredient, without dissolving the 1st resist which is a substrate, in 
order to use a water-soluble ingredient It becomes available about the minute amount acid which is 
generated in case patterning of the 1st resist is carried out, and remains in the pattern interface 
after development, and has the effectiveness of not needing down stream processing which 
produces still newer acid generating to the 1st resist. 

[0011] However, since this proposal technique was the technique of forming a detailed pattern by 
one bridge formation film formation processing, when the pattern of very detailed size was formed, 
technique, such as an increment in cross linking agent concentration or a rise of heat-treatment 
temperature, needed to be used for it. There were problems — the fall of dimensional accuracy or 
rinse residue becomes easy to remain in these cases. 

[0012] Then, in order to solve these problems, while abolishing generating of residue and realizing 
formation of a very detailed pattern by dividing the formation process of the bridge formation film 
into multiple times, and processing it, the very effective technique of having raised the size 
homogeneity within a pattern configuration and a field further is offered. 

[0013] Furthermore, the manufacture approach of the semiconductor device using these detailed 
separation resist pattern formation techniques tends to be offered, and it is going to offer the 
semiconductor device manufactured by this manufacture approach. 
[0014] 

[Means for Solving the Problem] The process in which invention in connection with claim 1 forms 
the 1st resist pattern which may generate an acid on a semi-conductor base material by the 1st 
resist, The process which forms the 2nd resist which causes crosslinking reaction by existence of 
an acid on said 1st resist pattern, The process which forms the bridge formation film in the part 
which touches said 1st resist pattern of said 2nd resist by supply of the acid from said 1st resist 
pattern, The process which carries out dissolution exfoliation of the part of said 2nd resist 
non-constructing a bridge using the water solution of water or a water-soluble organic solvent, and 
forms the 2nd resist pattern, It is the manufacture approach of the semiconductor device 
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characterized by including the process which repeats the process which forms this 2nd resist 
pattern two or more times, and the process which etches said semi-conductor base material by 
using this 2nd resist pattern as a mask further. 

[0015] Invention in connection with claim 2 is the manufacture approach of a semiconductor device 
according to claim 1 that the 1st resist is the resist which generates an acid by exposure, the resist 
which contains an acid beforehand, or a resist which generates an acid by heat-treatment, in the 
process which forms said 1 st resist pattern. 

[0016] Invention in connection with claim 3 is the manufacture approach of a semiconductor device 
according to claim 1 that processing which it generates when the acid generated in said 1st resist 
pattern exposes said 1st resist pattern and the sensitization agent or the acid generator contained 
in the 1st resist decomposes, and it remains [ processing ] near the formed pattern interface after 
development, and newly generates an acid is characterized by to be unnecessary. 
[0017] Invention in connection with claim 4 is the manufacture approach of the semiconductor 
device according to claim 1 characterized by performing supply of the acid generated in said 1st 
resist pattern by diffusing the acid which is generated in case patterning of said 1st resist is carried 
out, and exists in the part near the pattern side attachment wall in the 2nd resist 
[0018] It is the manufacture approach of a semiconductor device according to claim 1 that invention 
in connection with claim 5 is characterized by said 2nd resist using the copolymerization object of 
one kind or two kinds or more of water soluble resin, and two or more kinds of water soluble resin, 
one kind, or two kinds or more of water-soluble cross linking agents or such mixture as a principal 
component. 

[0019] Said water soluble resin invention in connection with claim 6 Polyacrylic acid, a polyvinyl 
acetal, A polyvinyl pyrrolidone, polyvinyl alcohol, polyethyleneimine, Polyethylene oxide, a styrene 
maleic anhydride copolymer, a polyvinyl amine, The poly allylamine, oxazoline radical content water 
soluble resin, water-soluble melamine resin, One kind or two kinds or more of mixture of a 
water-soluble urea^resin, an alkyd resin, and the sulfonamides, Or it is the manufacture approach of 
a semiconductor device according to claim 5 that these salts are used as a principal component and 
said water-soluble cross linking agent is characterized by using one kind or these two kinds or more 
of mixture of a melamine derivative, a urea derivative, benzoguanamine, and the glycoluryl as a 
principal component. 

[0020] It is the manufacture approach of a semiconductor device according to claim 6 that invention 
in connection with claim 7 is characterized by said water-soluble cross linking agent using one kind 
or these two kinds or more of mixture of a melamine, an alkoxy methylene melamine, a urea, alkoxy 
methyleneurea, N-alkoxy methyleneurea, an ethylene urea, and an ethylene urea carboxylic acid as a 
principal component. 

[0021] Said water soluble resin of invention in connection with claim 8 is the manufacture approach 
of the semiconductor device according to claim 6 which is either of the mixture of a polyvinyl acetal, 
polyvinyl alcohol or polyvinyl alcohol, and a polyvinyl acetal, and is characterized by said 
water-soluble cross linking agent being either of the mixture of a melamine derivative, a urea 
derivative or a melamine derivative, and a urea derivative. 

[0022] Invention in connection with claim 9 is the manufacture approach of the semiconductor 
device according to claim 1 characterized by the solution for carrying out dissolution removal of the 
solvent used for said 2nd resist or the part of the 2nd resist non-constructed a bridge being pure 
water, the water solution which mixed the water-soluble organic solvent, or a water solution which 
mixed the surfactant to these. 

[0023] Invention in connection with claim 10 is the semiconductor device manufactured by the 
manufacture approach of a semiconductor device according to claim 1, 2, 3, 4, 5, 6, 7, 8, or 9. 
[0024] 
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[Embodiment of the Invention] Gestalt 1 drawing 1 of operation is drawing showing the example of 
the mask pattern for forming the target resist pattern by which detailed separation was carried out 
by this invention. In drawing 1 (a), the mask pattern 100 of a detailed hole and drawing 1 (b) show 
the mask pattern 200 of a detailed tooth space, and drawing 1 (c) shows the pattern 300 of the 
remnants of isolation. Drawing 2 and drawing 3 are the process-flow Figs, for explaining the detailed 
separation resist pattern formation approach of the gestalt 1 operation of this invention. 
[0025] First, the detailed separation resist pattern formation approach of the gestalt this operation 
and the manufacture approach of the semiconductor device using this are explained, referring to 
drawing 1 and drawing 2 . In addition, although a positive type resist pattern is used and explained in 
order to make it intelligible here, this invention is effective also to a negative-mold resist pattern. 
[0026] As process drawing 2 (a) which forms the 1 st resist pattern which may generate an acid on a 
semi-conductor base material by the 1st resist shows, the 1st photoresist 1 which supplies an acid 
from the interior by suitable heat-treatment is applied to the semi-conductor substrate 
(semi-conductor wafer) 3 (about 0.7-1 .0 micrometers in for example, thickness). 
[0027] This 1st photoresist 1 is applied with a spin coat etc. on the semi-conductor substrate 3, 
gives Puri **-KU (it is heat treatment for about 1 minute at 70-110 degrees C), and evaporates the 
solvent in the 1st resist. 

[0028] Next, in order to form the 1st resist pattern, g line, i line or Deep-UV, a KrF excimer, an ArF 
excimer, EB (electron ray), X-ray, etc. carry out projection exposure using the mask containing a 
pattern as shown in drawing 1 using the light source corresponding to the sensibility wavelength of 
the 1st applied resist. 

[0029] Especially the 1st photoresist used here should just be a resist using the device which it is 
not limited and an acidic component generates inside a resist by the exposure of heat-treatment or 
light, and a resist which contains an acid further beforehand. Moreover, either a positive type or 
negative resist can be used. 

[0030] As a resist using the device which an acidic component generates inside a resist by the 
exposure of light etc., the resist which generating of an acid produces, for example by the exposure 
of g line, i line, Deep-UV, a KrF excimer, an ArF excimer, EB (electron ray). X-ray, etc. is raised. As 
the 1st resist, the positive resist which consists of novolak resin and a naphthoquinonediazide 
system sensitization agent, for example is raised. 

[0031] Furthermore, if it is a resist ingredient using the system of reaction which is possible also for 
application of the chemistry magnification mold resist using the device in which an acid is generated 
by exposure, as the 1st resist, and generates an acid by exposure, it will not be limited especially. As 
a chemistry magnification mold resist, the positive resist which consists of polyhydroxy styrene 
resin and an acid generator of an onium salt system, for example is raised. 
[0032] As an acid which is made to contain an acid in the chemistry magnification mold resist 
generally used by the object for excimers, or EB exposure, or i line resist of a novolak mold 
beforehand as a resist which contains an acid beforehand, and is mixed, low-molecular organic acids, 
such as a carboxylic acid, are suitable. 

[0033] After exposing the 1st resist, if needed, exposure afterbaking (it abbreviates to "PEB" 
hereafter) is performed (for example, PEB temperature: 50-130 degrees C), and the resolution of a 
photoresist is raised. Next, a 0.05 - 3.0wt% [, such as TMAH, ] alkali water solution is used and 
developed. Drawing 2 (b) shows resist pattern 1a of the 1st resist 1 formed in this way. 
[0034] After performing a development, postdeveloping BEKU can also be performed if needed. 
Although it is desirable to set it as suitable temperature in accordance with the 1st resist or the 2nd 
resist ingredient to be used since this heat treatment influences a next mixing reaction, it is usually 
desirable that it is about 60 seconds in the baking temperature of 60-120 degrees C. The minute 
amount acid remains in the interface of a resist pattern. 
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[0035] The above is the same as that of formation of the resist pattern by general resist 
BUROSESU as a process, if the point of using the resist 1 which generates an acid is set aside. In 
addition, in making the acid concentration in a resist pattern increase, in order to generate an acid in 
[ after forming the 1st resist pattern ] the 1st resist pattern, it exposes according to the absorption 
wavelength in the 1st resist, or an acid is generated by heat-treatment instead of generating an 
acid. 

[0036] As shown in process drawing 2 (c) which forms the 2nd resist which causes crosslinking 
reaction by existence of an acid on said 1st resist pattern, the 2nd resist 2 dissolved in the mixed 
solution which added the water-soluble organic solvent (for example, isopropanol) to the water or 
water which does not dissolve the 1st resist 1 is applied including the bridge formation component 
which constructs a bridge by existence of an acid on the semi-conductor substrate 1. 
[0037] If spreading to homogeneity is possible for the method of application of the 2nd resist on the 
1st resist pattern, it can also be applied by not being limited especially and immersed into spreading 
by the spray, or the 2nd resist solution (dipping). 

[0038] This if needed (for example, 85 degrees C, about 60 seconds), and the 2nd resist layer is 
formed. [ after spreading of the 2nd resist 2 ] Since the 1st resist is not dissolved, it is possible to 
form the 2nd resist layer, with the 1st resist configuration held. 

[0039] As shown in process drawing 2 (d) which forms the bridge formation film in the part which 
touches said 1st resist pattern of said 2nd resist by supply of the acid from said 1st resist pattern 
1st resist pattern 1a formed in the semi-conductor substrate 1 and the 2nd resist 2 formed on this 
are heat-treated (it abbreviates to "MB" mixing BEKU and if needed [ following ].). It carries out, 
diffusion of the acid from the 1st resist pattern 1a is promoted, it supplies into the 2nd resist 2, and 
crosslinking reaction is generated in the interface of the 2nd resist 2 and the 1st resist pattern 1. 
MB temperature / time amount in this case are for example, 85-150 degrees C / 60 - 120 seconds, 
and should just set up the optimal conditions with the class of resist ingredient to be used, and the 
thickness of the reaction layer to need. 

[0040] As shown in process drawing 2 (e) which carries out dissolution exfoliation of the part of said 
2nd resist non-constructing a bridge using the water solution of water or a water-soluble organic 
solvent, and forms the 2nd resist pattern After the mixed solution of the water which does not 
dissolve the 1st resist, and a water-soluble organic, solvent (for example, isopropanol) washes, by 
washing with water, the 2nd resist 2 which is not constructing a bridge is exfoliated, and the bridge 
formation film 4 is formed so that the 1st resist may be covered. It becomes possible to obtain the 
resist pattern to which the area of contraction or an isolated remnants pattern was expanded for a 
hole bore or separation width of face by the above processing. 

[0041] That what is necessary is just to set up in about 1-30wt%, the concentration of the 
isopropanol to water is the range which does not dissolve the 1st resist, and should just make the 
part of the 2nd resist non-constructed a bridge the range dissolved enough. It is also the same as 
when mixing other water-soluble organic solvents mixed in water. 

[0042] As the process which forms this 2nd resist pattern is shown in drawing 2 (f) at the process 
pan repeated two or more times, 2nd resist 2a dissolved in the mixed solution which added the 
water or the water-soluble organic solvent (for example, isopropanol) which does not dissolve the 
1st resist 1 is applied including the cross-linking compound which constructs a bridge by existence 
of an acid on the semi-conductor substrate 1. 

[0043] If spreading to homogeneity is possible for the method of application of the 2nd resist on the 
1st resist pattern, it can also be applied by not being limited especially and immersed into spreading 
by the spray, or the 2nd resist solution (dipping). 

[0044] This if needed (for example, 85 degrees C, about 60 seconds), and the 2nd resist layer is 
formed. [ after spreading of 2nd resist 2a ] 
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[0045] 1st resist pattern 1a formed in the semi-conductor substrate 1 as shown in drawing 2 (g), 
Heat-treat 2nd resist 2a besides formed (MB), and diffusion of the acid from the 1st resist pattern 
1a and the bridge formation film 4 is promoted. It supplies into 2nd resist 2a, and crosslinking 
reaction is generated in the interface of the bridge formation film 4 of the 2nd resist and 2nd resist 
pattern 2a. Although MB temperature / time amount in this case should just set up the optimal 
conditions with the class of resist ingredient to be used, and the thickness of the reaction layer to 
need, it is desirable that they are 85-150 degrees C / 60 - 120 seconds. 

[0046] As shown in drawing 2 (h), by the mixed solution of the water which does not dissolve the 1st 
resist, and a water-soluble organic solvent (for example, isopropanol) washing, and then washing with 
water, 2nd resist 2a which is not constructing a bridge is exfoliated, and bridge formation film 4a is 
formed so that the 1st resist may be covered. It becomes possible to obtain the resist pattern to 
which the area of contraction or an isolated remnants pattern was expanded for a hole bore or 
separation width of face by the above processing. 

[0047] That what is necessary is just to set up in about 1-30wt%, the concentration of the 
isopropanol to water is the range which does not dissolve the 1st resist, and should just make the 
part of the 2nd resist non-constructed a bridge the range dissolved enough. It is also the same as 
when mixing other water-soluble organic solvents mixed in water. 

[0048] Furthermore, by repeating processing of (f) - (h), it is repeatable until it becomes possible to 
form the bridge formation film on the 1st resist pattern and the dimension needed is obtained. 
Moreover, it becomes possible to resemble dividing processing into multiple times and to realize 
thickness of the bridge formation film of dimensional accuracy more in the range in which the 
increase of a routing counter of a process is permitted also when obtaining the thickness of the 
same bridge formation film. 

[0049] A semi-conductor base material can be etched by the ability using the process which etches 
said semi-conductor base material by using this 2nd resist pattern as a mask, thus the obtained 
resist pattern as a mask, and a semi-conductor can be manufactured. 

[0050] In the above, by the detailed resist pattern formation approach explained with reference to 
drawing 2 , after forming the 2nd resist layer 2 on 1st resist pattern 1a, how to diffuse the minute 
amount acid which remains near the interface of the pattern side face of resist pattern 1a or a side 
face, and a top face to the 2nd resist 2 out of the 1st resist pattern by suitable heat-treatment was 
explained. 

[0051] In addition, what is necessary is to use an ingredient which is different even if it uses an 
object with the same said of the ingredient of the 2nd resist which applies the 2nd resist, may use 
processing conditions which are different even if each processing condition is the same about down 
stream processing which forms the bridge formation film when carrying out multiple-times 
processing, and is used, and just to choose the optimal combination for the thickness or the 
substrate resist of the required bridge formation film. 

[0052] Below, instead of heat-treatment, in advance of heat-treatment, an acid is generated by 
exposure and how to diffuse is explained. 

[0053] Drawing 3 is a process-flow Fig. for explaining the formation approach of the detailed 
separation resist pattern in this case. Drawing 3 (a) Since the process of - (c) is the same as that of 
drawing 2 (a) - (c), it omits explanation. 

[0054] In this case, as the 1st resist 1, application of the chemistry magnification resist using the 
device in which an acid is generated by exposure is also possible. In a chemistry magnification resist, 
the magnification reaction which the generation reaction of the acid catalyst by light, an electron 
ray, an X-ray, etc. occurs, and is triggered by the catalyst of the generated acid is used. 
[0055] the process which forms the 2nd resist which causes crosslinking reaction by existence of an 
acid on said 1st resist pattern, as shown in drawing 3 (d) after forming the 2nd resist layer shown by 
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drawing 3 (c) below As a semi-conductor substrate is completely exposed again by ultraviolet rays 
(exposure 6), such as g line of Hg lamp, i line, or KrF excimer laser, an acid is generated in 1st resist 
1a and this shows drawing 3 (e) The bridge formation film 4 is formed in the interface of the 2nd 
resist 2 which touches 1st resist pattern 1a. 

[0056] What is necessary is for the light source used for the exposure at this time to be possible 
also for using Hg lamp, a KrF excimer, an ArF excimer, an electron ray (EB), an X-ray, etc., and not 
to be limited by exposure especially if generating of an acid is possible for it, and just to expose it 
using the light source and light exposure according to sensitization wavelength of the 1st used resist 
according to the sensitization wavelength of the 1 st resist. 

[0057] Thus, in drawing 3 f it exposes after spreading of the 2nd resist 2, and an acid is generated in 
1st resist pattern 1a. Since the amount of the acid generated in 1st resist pattern 1a in order to 
expose the 1st resist pattern 1 in the condition of having been covered with the 2nd resist 2 is 
correctly controllable in the large range, the thickness of the bridge formation film 4 can control it 
by adjustment of light exposure with a sufficient precision. 

[0058] If needed [ process ] which forms the bridge formation film in the part which touches said 1st 
resist pattern of said 2nd resist by supply of the acid from said 1st resist pattern, the 
semi-conductor substrate 1 is heat-treated (mixing BEKU), diffusion of the acid from the 1st resist 
pattern 1a is promoted, it supplies into the 2nd resist 2 and crosslinking reaction is promoted in the 
interface of the 2nd resist 2 and the 1st resist pattern 1. MB temperature / time amount in this 
case are for example, 60-130 degrees C / 60 - 120 seconds, and should just set up the optimal 
conditions with the class of resist ingredient to be used, and the thickness of the reaction layer to 
need. 

[0059] It is formed into the 2nd resist 2 so that the bridge formation film 4 which caused 
crosslinking reaction may cover 1st resist pattern 1a with this mixing BEKU. 
[0060] The process of drawing 3 (f) is the same as that of drawing 2 (e). It becomes possible to 
obtain the resist pattern to which a hole bore or the separation width of face of the Rhine pattern 
was reduced, or the area of an isolated remnants pattern was expanded by the above processing. 
[0061] As the process which forms this 2nd resist pattern is shown in process drawing 3 (g) 
repeated two or more times, 2nd resist 2a dissolved in the mixed solution which added the water or 
the water-soluble organic solvent (for example, isopropanol) which does not dissolve the resist 1 of 
drawing 1 is applied including the cross-linking compound which constructs a bridge by existence of 
an acid on the semi-conductor substrate 1. 

[0062] If spreading to homogeneity is possible for the method of application of the 2nd resist on the 
1st resist pattern, it can also be applied by not being limited especially and immersed into spreading 
by the spray, or the 2nd resist solution (dipping). 

[0063] This if needed (for example, 85 degrees C, about 60 seconds), and the 2nd resist layer is 
formed. [ after spreading of the 2nd resist 22 ] 

[0064] 1st resist pattern 1a formed in the semi-conductor substrate 1 as shown in drawing 3 (h), 
2nd resist 2a besides formed is heat-treated (mixing BEKU). Diffusion of the acid from the 1st resist 
pattern 1a and the bridge formation film 4 is promoted, it supplies into 2nd resist 2a, and crosslinking 
reaction is generated in the interface of the bridge formation film 4 of the 2nd resist, and 2nd resist 
2a. MB temperature / time amount in this case are for example, 85-150 degrees C / 60 - 120 
seconds, and should just set up the optimal conditions with the class of resist ingredient to be used, 
and the thickness of the reaction layer to need. 

[0065] As shown in drawing 3 (i), bridge formation film 4a is formed by the mixed solution of the 
water which does not dissolve the 1 st resist, and a water-soluble organic solvent (for example, 
isopropanol) washing, and exfoliating 2nd resist 2a which is not constructing a bridge by next 
washing with water so that the 1st resist may be covered. It becomes possible to obtain the resist 
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pattern to which the area of contraction or an isolated remnants pattern was expanded for a hole 
bore or separation width of face by the above processing. 

[0066] That what is necessary is just to set up in about 1-30wt%, the concentration of the 
isopropanol to water is the range which does not dissolve the 1st resist, and should just make the 
part of the 2nd resist non-constructed a bridge the range dissolved enough. It is also the same as 
when mixing other water-soluble organic solvents mixed in water. 

[0067] Furthermore, by repeating processing of (g) - (i), it is repeatable until it becomes possible to 
form the bridge formation film on the 1st resist pattern and the dimension needed is obtained. 
Moreover, it becomes possible to resemble dividing processing into multiple times and to realize 
thickness of the bridge formation film of dimensional accuracy more in the range in which the 
increase of a routing counter of a process is permitted also when obtaining the thickness of the 
same bridge formation film. 

[0068] In addition, like the approach explained with reference to drawing 3 , the process which 
generates an acid component in 1st resist pattern 1a by exposure is suitable, when the reactivity of 
the 1st resist 1 to apply and the 2nd resist 2 is low, when the thickness of the bridge formation film 
to need is comparatively thick, or especially when equalizing crosslinking reaction. 
[0069] Here, the ingredient used for the 2nd resist is explained. 

[0070] As the 2nd resist, the water soluble resin of one kind or two kinds or more of cross-linking, 
one kind, or two kinds or more of water-soluble cross linking agents or such mixture are used. 
[0071] When using mixture as the 2nd resist, those ingredient presentations are not especially 
limited by the 1st resist ingredient to apply or the set-up reaction condition that what is necessary 
is just to set up the optimal presentation. 

[0072] As water soluble resin used for the 2nd resist, polyvinyl-acetal resin as shown below, 
polyvinyl alcohol resin, polyacrylic resin, oxazoline content water soluble resin, aquosity urethane 
resin, poly allylamine resin, polyethyleneimine resin, polyvinyl amineresin, water-soluble phenol resin, 
a water-soluble epoxy resin, polyethyleneimine resin, a styrene-maleic-acid copolymer, etc. are 
raised. Moreover, under acidic component existence, crosslinking reaction is produced or 
crosslinking reaction does not arise, or when low, it will not be limited especially if mixing with a 
water-soluble cross linking agent is possible. Moreover, it is effective even if it uses these 
independently, and it uses as mixture. 
[0073] 
[Formula 1] 
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[0074] You may use as one kind or two kinds or more of mixture, and these water soluble resin can 
be suitably adjusted by reacting weight with a substrate resist, a reaction condition, etc. Moreover, it 
is the purpose which raises the solubility to water, and you may use by making these water soluble 
resin into salts, such as a hydrochloride. 

[0075] Although amino system cross linking agents, such as urea system cross linking agents, such 
as melamine system cross linking agents, such as a methylol melamine as shown below, and a 
methoxy methylol melamine, a methoxy methylolurea, and an ethylene urea, isocyanate, 
benzoguanamine, and glycoluryl, etc. are effective as a water-soluble cross linking agent which can 
be used for the 2nd resist, it will not be limited especially if it is the water-soluble cross linking 
agent which produces bridge formation with an acid. 
[0076] 
[Formula 2] 
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[0077] As a water-soluble concrete resist ingredient furthermore used for the 2nd resist, it is 
effective in independent or mixture of said water soluble resin independent or to also mix and use [ 
of said water-soluble cross linking agent ] mixture mutually. 

[0078] As the 2nd resist, what mixed the methoxy methylol melamine or the ethylene urea as a 
water-soluble cross linking agent is raised, for example, using polyvinyl-acetal resin as water soluble 
resin. In this case, since mutual solubility is high, it excels in the preservation stability of a mixed 
solution. 

[0079] In addition, it will not be limited especially if it is the ingredient which is meltable to the 
water-soluble solvent which does not dissolve water solubility or the 1st resist pattern as for the 
ingredient applied to the 2nd resist, and produces crosslinking reaction under existence of an acid 
component. 

[0080] In addition, since these ingredients have sufficient reactivity to the minute amount acid which 
remains near the pattern interface of 1st resist pattern 1a, it is as having explained previously that 
acid generating by the re-exposure to 1st resist pattern 1a is not performed, but crosslinking 
reaction can be realized only by heat-treatment. In this case, it is desirable to choose a suitable 
reactant high ingredient as the 2nd resist 2, and to perform suitable heat-treatment (for example, 
85-150 degrees C). 

[0081] It is effective to use the water-soluble ingredient constituent which mixed an ethylene urea, 
polyvinyl alcohol and an ethylene urea, or these at a suitable rate to polyvinyl-acetal resin as the 
2nd resist in this case. 

[0082] It is important for control of the crosslinking reaction of the 1st resist and the 2nd resist to 
control the thickness of the bridge formation film 4 formed on 1st resist pattern 1a. As for control of 
crosslinking reaction, it is desirable to optimize according to the reactivity of the 1st resist and the 
2nd resist to apply, the configuration of 1st resist pattern 1a, the thickness of the crosslinking 
reaction layer 4 to need, etc. 

[0083] Control of the crosslinking reaction of the 1st resist and the 2nd resist has the technique by 
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adjustment of process conditions, and the technique of adjusting the presentation of the 2nd resist 
ingredient. 

[0084] Technique, such as an approach of adjusting the approach of adjusting the light exposure to 
the (1) 1st resist pattern, (2) MB (mixing BEKU) temperature, and the processing time, as the 
process control technique of crosslinking reaction, is effective. It is possible to heat and to control 
the thickness of the bridge formation film especially, by adjusting the time amount which constructs 
a bridge, and it is the technique in which a reaction controllability is very high. 

[0085] Moreover, technique, such as an approach of adjusting reacting weight with the 1st resist, is 
effective by mixing the suitable, water-soluble cross linking agent for the approach of adjusting 
reacting weight with the 1st resist by mixing two or more kinds of suitable water soluble resin, and 
adjusting the mixing ratio, and (3) (4) water soluble resin, from the field of the ingredient 
presentation used for the 2nd resist, and adjusting the mixing ratio. 

[0086] However, it does not opt for control of such crosslinking reaction unitary, and it needs to 
take into consideration and determine conditions with various configuration of the reactivity of the 
2nd resist ingredient and the 1st resist ingredient to apply, and the (1) (2) 1st resist pattern, 
thickness and the thickness of the cross linking agent layer to (3) Need, usable exposure conditions 
or (4) heat-treatment (MB) conditions, (5) spreading conditions, etc. 

[0087] When, especially as for the reactivity of the 1st resist and the 2nd resist, it turns out that it 
is influenced with the presentation of the 1st resist ingredient and actually applies this invention, it 
is desirable to take into consideration the factor mentioned above and to optimize the 2nd resist 
ingredient constituent. 

[0088] Therefore, especially the class and its presentation ratio of the water-soluble ingredient used 
for the 2nd resist are not limited, and are optimized according to the class of ingredient to be used, 
heat treatment conditions, etc. 

[0089] In addition, plasticizers, such as ethylene glycol, a glycerol, and triethylene glycol, may be 
added to the 2nd resist ingredient as an additive. Moreover, water-soluble surfactants, such as 
Fluorad (product made from 3M) of ** and NONIPORU (Mitsuhiro formation Make), may be added as 
an additive even if for the purpose of a membrane formation disposition top about the 2nd resist 
ingredient. 

[0090] Below, the solvent used for the 2nd resist is explained. 

[0091] Although it is required for the solvent which the 2nd resist uses not to dissolve the pattern 
of the 1st resist and to fully dissolve a water-soluble ingredient further, it will not be limited 
especially if it is the solvent which fills this. 

[0092] For example, what is necessary is just to use the independence of water-soluble organic 
solvents, such as alcoholic solvent, such as water (pure water) or water, and IPA, or N-methyl 
pyrrolidone, or a mixed solution as a solvent of the 2nd resist. 

[0093] What is necessary is not to be limited especially, and it to be possible to use alcohols, such 
as ethanol, a methanol, and isopropyl alcohol, gamma-butyrolactone, an acetone, etc., and just to 
mix in the range which does not dissolve the 1st resist pattern as a solvent mixed in water, 
according to the solubility of the 2nd **** ingredient for resists, if it is water solubility. 
[0094] Although the above example explained how to form a detailed resist pattern all over the 
semi-conductor substrate 1, how only the request field of the semi-conductor substrate 1 forms a 
detailed resist pattern alternatively is explained below. 

[0095] Drawing 4 is the process-flow Fig. of the manufacture approach in this case. Drawing 4 (a) 
The process of - (c) is the same as that of drawing 3 (a) - (c). 

[0096] Like process drawing 4 (c) which forms the 2nd resist which causes crosslinking reaction by 
existence of an acid on said 1st resist pattern As opposed to the field which shaded some 
semi-conductor substrates 3 with the gobo 5, and was chosen as shown in drawing 4 (d) after 
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forming the 2nd resist layer 2 It exposes again with the light according to the absorption wavelength 
of resists, such as g line of Hg lamp, i line or a KrF excimer, and an ArF excimer, and an acid is 
generated in 1st resist pattern 1a. This forms the bridge formation film 4 in the interface of the 2nd 
resist 2 which touches 1st resist 1a in the exposed part, as shown in drawing 4 (e). 
[0097] Since the process of subsequent drawing 4 (f) - (i) is the same as the process of drawing 3 
R> 3 (f) - (i), explanation is omitted. 

[0098] Thus, as shown in drawing 4 (i), in the field in which the semi-conductor substrate 3 was 
chosen, it is able to form the bridge formation film 4 and 4a on 1st resist pattern 1a, and to make it 
not to form the bridge formation film on 1st resist pattern 1a in other fields. 

[0099] According to such a formation approach, by using a suitable exposure mask, it can expose 
alternatively on the semi-conductor substrate 1, a part for an exposure part and an unexposed part 
can be distinguished, and the 2nd resist pattern can form the field which constructs a bridge in a 
'boundary part with the 1st resist pattern, and the field which does not construct a bridge. Thereby, 
the different detailed hole or different detailed tooth space of a dimension on the same 
semi-conductor substrate can be formed. 

[0100] As mentioned above, although the formation approach which forms a detailed separation 
resist pattern on the semi-conductor substrate 3 was explained to the detail, the detailed 
separation resist pattern of this invention is not restricted on the semi-conductor substrate 3, but 
can also be formed according to the manufacture process of a semiconductor device on insulating 
layers, such as silicon oxide, or conductive layers, such as polish recon film. 

[0101] Thus, especially formation of the detailed separation resist pattern of this invention is not 
restricted to the substrate film, if it is on the base material which can form a resist pattern, in which 
case, will be applicable and will be formed on a base material as occasion demands. Suppose that 
these are named generically and a semi-conductor base material is called. 

[0102] In this invention, the various thin films of a substrate are etched by using as a mask the 
detailed separation resist pattern formed as mentioned above, a detailed tooth space or a detailed 
hole is formed in a substrate thin film, and a semiconductor device is manufactured. 
[0103] Gestalt 2 drawing 5 of operation is a process-flow Fig. for explaining the detailed separation 
resist pattern formation approach of the gestalt 2 implementation this invention. With reference to 
drawing 1 and drawing 5 , the formation approach of the detailed separation pattern of the gestalt 2 
this operation and the manufacture approach of the semiconductor device using this are explained. 
[0104] As shown in process drawing 5 (a) which forms the 1st resist pattern which may generate an 
acid on a semi-conductor base material by the 1st resist, the 1st photoresist 1 1 which contains 
some acid inside is applied to the semi-conductor substrate 3. The 1st photoresist carries out 
projection exposure using the mask containing a pattern like drawing 1 using KrF excimer laser, after 
prebaking (it is heat treatment for about 1 minute at 70-100 degrees C) (it omits in drawing 5 ). 
Drawing 5 (b) shows pattern 1 1a of the 1 st resist formed in this way. 

[0105] As an ingredient of the 1st resist 1 1 used here, what was explained with the gestalt 1 of 
operation is used effectively. Moreover, specifically as an acid included in the 1st resist 11, the 
low-molecular acid of a carboxylic-acid system etc. is suitable. 

[0106] Then, after heat-treating at PEB temperature (10-130 degrees C) and raising the resolution 
of a photoresist if needed, negatives are developed using about 2.38% dilution water solution of 
TMAH. 

[0107] Then, postdeveloping BEKU may be performed if needed. Since this heat treatment 
influences a next mixing reaction, it is necessary to set it as suitable temperature. The above is the 
same as that of formation of the resist pattern by the conventional resist process as a process, if 
the point of using the resist 1 1 containing an acid is set aside. 

[0108] As shown in drawing 5 (c) after the pattern formation of process drawing 5 (b) which forms 
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the 2nd resist which causes crosslinking reaction by existence of an acid on said 1st resist pattern, 
2nd RESHISUTO 12 melted by the solvent which does not dissolve the 1st resist 1 1 is applied 
including the cross-linking compound which constructs a bridge by existence of an acid on the 
semi-conductor substrate (wafer) 3. 

[0109] The ingredient of the 2nd resist 12 used here and its solvent can apply what was stated with 
the gestalt 1 of operation, and the same thing, and are effective. 

[0110] This is prebaked after spreading of the 2ndVesist 12 if needed. Since this heat treatment 
influences a next mixing reaction, it is desirable to set it as suitable temperature. 
[0111] The semi-conductor substrate 3 is heat-treated (60-130 degrees C), and crosslinking 
reaction is made to cause by the interface with 1st resist 11a of the 2nd resist 12 by supply of the 
acid from some acid contained in 1st resist 11a, as shown in process drawing 5 (d) which forms the 
bridge formation film in the part which touches said 1st resist pattern of said 2nd resist by supply of 
the acid from said 1st resist pattern. The bridge formation film 14 which caused crosslinking reaction 
by this so that 1st resist 1 1a might be covered is formed into the 2nd resist 12. 
[0112] As shown in process drawing 5 (e) which carries out dissolution exfoliation of the part of said 
2nd resist non-constructing a bridge using the water solution of water or a water-soluble organic 
solvent, and forms the 2nd resist pattern, the 2nd resist 12 which is not constructing a bridge is 
exfoliated by the mixed solution of the water which does not dissolve the 1st resist, and a 
water-soluble organic solvent (for example, isopropanol) washing, and then washing with water. It 
becomes possible to obtain the resist pattern to which the area of contraction or an isolated 
remnants pattern was expanded for a hole bore or separation width of face by the above processing. 

[0113] As the process which forms this 2nd resist pattern is shown in drawing 5 (f) at the process 
pan repeated two or more times, 2nd resist 12a dissolved in the mixed solution which added the 
water-soluble organic solvent (for example, isopropanol) to the water or water which does not 
dissolve the 1st resist 1 is applied including the cross-linking compound which constructs a bridge 
by existence of an acid on the semi-conductor substrate 1. 

[0114] If spreading to homogeneity is possible for the method of application of the 2nd resist on the 
1st resist pattern, it can also be applied by not being limited especially and immersed into spreading 
by the spray, or the 2nd resist solution (dipping). 

[0115] This if needed (for example, 85 degrees C, about 60 seconds), and 2nd resist layer 2a is 
formed. [ after spreading of 2nd resist 12a ] 

[0116] 1st resist pattern 1a formed in the semi-conductor substrate 1 as shown in drawing 5 (g), 
2nd resist 12a besides formed is heat-treated (mixing BEKU). Diffusion of the acid from the 1st 
resist pattern 1 1a and the bridge formation film 14 is promoted, it supplies into 2nd resist 12a, and 
crosslinking reaction is generated in the interface of the bridge formation film 14 of the 2nd resist, 
and 2nd resist 2a. MB temperature / time amount in this case are for example, 85-150 degrees C / 
60 - 120 seconds, and should just set up the optimal conditions with the class of resist ingredient to 
be used, and the thickness of the reaction layer to need. 

[01 17] Next, by the mixed solution of the water which does not dissolve the 1st resist, and a 
water-soluble organic solvent (for example, isopropanol) washing, and exfoliating 2nd resist 12a 
which is not constructing a bridge by next washing with water, as shown in drawing 5 (h), bridge 
formation film 14a is formed so that the 1st resist may be covered. It becomes possible to obtain 
the resist pattern to which the area of contraction or an isolated remnants pattern was expanded 
for a hole bore or separation width of face by the above processing. 

[0118] That what is necessary is just to set up in about 1-30wt%, the concentration of the 
isopropanol to water is the range which does not dissolve the 1st resist, and should just make the 
part of the 2nd resist non-constructed a bridge the range dissolved enough. It is also the same as 
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[01 19] Furthermore, by repeating processing of (f) - (h), it is repeatable until it becomes possible to 
form the bridge formation film on the 1st resist pattern and the dimension needed is obtained. 
Moreover, it becomes possible to resemble dividing processing into multiple times in the range in 
which the increase of a routing counter of a process is permitted also when obtaining the thickness 
of the same bridge formation film, and to realize the bridge formation film with better dimensional 
accuracy. 

[0120] As mentioned above, the 1st resist 1 1 in the gestalt 2 of this operation does not have the 
need of generating an acid by exposure, and it diffuses that acid by heat treatment, and he is trying 
to make it it to be adjusted so that an acid may be included in resist film 1 1 the very thing, and 
construct a bridge. As an acid included in this 1st resist 11, although the low-molecular acid of a 
carboxylic-acid system etc. is suitable, if it is possible to mix a resist 11, especially limitation will not 
be carried out. 

[0121] Moreover, it is the same as that of the gestalt 1 of the operation described previously that 
this detailed separation resist pattern is formed on various kinds of semi-conductor base materials, 
and a detailed separation tooth space or a detailed hole can be formed on a semi-conductor base 
material by making this into a mask. 

[0122] Gestalt 3 drawing 6 of operation is a process-flow Fig. for explaining the formation approach 
of the detailed separation resist pattern of the gestalt 3 implementation this invention. With 
reference to drawing 1 and drawing 6 , the formation approach of the detailed separation resist 
pattern of the gestalt 3 this operation and the manufacture approach of the semiconductor device 
using this are explained. 

[0123] As shown in process drawing 6 (a) which forms the 1st resist pattern which may generate an 
acid on a semi-conductor base material by the 1st resist, the 1st photoresist 21 is applied to the 
semi-conductor substrate 3. After prebaking to the 1st resist 21 (it is heat treatment for about 1 
minute at 70-100 degrees C), projection exposure is carried out using the mask containing a pattern 
like drawing 1 using g line, i line, or KrF excimer laser, corresponding to the sensitization wavelength 
of the 1st resist 21 (illustration is omitted in drawing 6 ). 

[0124] After it heat-treats at PEB temperature (10-130 degrees C) and a photoresist carries out 
improvement in resolution if needed, negatives are developed using about 2.0% dilution water solution 
of TMAH. Drawing 6 (b) shows pattern 21a of the 1st resist formed in this way. 
[0125] Then, postdeveloping BEKU may be performed if needed. Since this heat treatment 
influences a next mixing reaction, it is necessary to set it as suitable temperature. The above is the 
same as that of formation of the resist pattern by the conventional resist process as a process. 
[0126] the process which forms the 2nd resist which causes crosslinking reaction by existence of an 
acid on said 1st resist pattern — next, as shown in drawing 6 (c) after the pattern formation of 
drawing 6 (b), immersion processing of the semi-conductor substrate (wafer) 3 is carried out with an 
acidic solution. The art is good in the method of the usual paddle phenomenon. Moreover, you may 
carry out by the vapor rise (blasting) of an acidic solution. Moreover, any of an organic acid and an 
inorganic acid are sufficient as the acidic solution in this case. For example, a low-concentration 
acetic acid is raised as a suitable example. 

[0127] In this process, an acid sinks in near the interface of pattern 21a of the 1st resist, and the 
thin coat 25 containing an acid is formed. Then, a rinse is carried out using pure water if needed ( 
drawing 6 (d)). 

[0128] As shown in process drawing 6 (e) which forms the bridge formation film in the part which 
touches said 1st resist pattern of said 2nd resist by supply of the acid from said 1st resist pattern, 
the 2nd resist 22 melted by the solvent which does not dissolve the 1st resist 21 is applied including 
the cross-linking compound which constructs a bridge by existence of an acid on the 1st resist 
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pattern 21. 

[0129] What has the configuration of the 2nd resist used here and its solvent be [ the same as that 
of what was stated with the gestalt 1 of operation ] it is used effectively. The 2nd resist 22 is 
prebaked after spreading of the 2nd resist 22 if needed. Since this heat treatment influences a next 
mixing reaction, it is set as suitable temperature. 

[0130] Next, the semi-conductor substrate 3 is heat-treated (60-130 degrees C), bridge formation 
BEKU is performed, and crosslinking reaction is made to cause by supply of the acid from the 1st 
resist 21a by the interface with 1st resist 21a of the resist 21 of 22 of the 2nd resist, as shown in 
drawing 6 (f). The bridge formation film 24 which caused crosslinking reaction by this so that the 1st 
resist 21 might be covered is formed into the 2nd resist 22. 

[0131] As shown in process drawing 6 (g) which carries out dissolution exfoliation of the part of said 
2nd resist non-constructing a bridge using the water solution of water or a water-soluble organic 
solvent, and forms the 2nd resist pattern, the 2nd resist 22 which is not constructing a bridge is 
exfoliated by the mixed solution of the water which does not dissolve the 1st resist, and a 
water-soluble organic solvent (for example, isopropanol) washing, and then washing with water. It 
becomes possible to obtain the resist pattern to which the area of contraction or an isolated 
remnants pattern was expanded for a hole bore or separation width of face by the above processing. 

[0132] Although a pattern with good dimensional accuracy is obtained by performing processing 
which shows the process which forms this 2nd resist pattern to the process pan repeated two or 
more times at drawing 6 (h) - GX since this processing is the same as the processing shown in 
drawing 5 (f) - (h), detailed explanation is omitted. 

[0133] As mentioned above, before not needing the process which generates an acid for the 1st 
resist but forming the 2nd resist 22 on 1st resist pattern 21a by exposure processing, surface 
treatment with an acid liquid is performed, an acid is diffused by heat treatment, and it is made to 
construct a bridge according to the gestalt 3 of this operation. 

[0134] Moreover, it is the same as that of the gestalten 1 and 2 of said operation to form the 
detailed separation resist pattern which carried out in this way and was formed on various kinds of 
semi-conductor substrates, to form a detailed separation tooth space or a detailed detailed hole 
etc. on a semi-conductor substrate by making this into a mask, and to manufacture a semiconductor 
device. 
[0135] 

[Example] As the example of manufacture 1 1st resist, it consisted of novolak resin and 
naphthoquinonediazide and the resist pattern was formed using i line resist (Sumitomo Chemical Co., 
Ltd. make) using 2~heptanone as a solvent. 

[0136] Said resist was formed so that it might become about 0.8 micrometers of thickness by 
dropping and rotation spreading on Si wafer. It prebaked in 85 degrees C / 70 seconds next, and the 
solvent in a resist was dried. Then, it exposed with the mask as shown in drawing 1 using i line 
contraction projection aligner. Next, PEB processing was performed in 120 degrees C / 70 seconds, 
then negatives were developed using the alkali developer (Tokyo adaptation Make, NMD3), and the 
resist pattern with separation size as shown in drawing 7 was obtained. 
[0137] The hole size of the obtained pattern and tooth-space size were 0.35 micrometers, 
respectively. Moreover, as a result of measuring the length of 15 in a 8 inch wafer side about hole 
size, the dimensional accuracy was **0.035 micrometers in a range. 

[0138] The resist pattern was formed using a chemistry magnification mold excimer resist (Tokyo 
adaptation incorporated company make) as the example of manufacture 2 1st resist. 
[0139] Said resist was formed so that it might become about 0.8 micrometers of thickness by 
dropping and rotation spreading on Si wafer. It prebaked in 90 degrees C / 90 seconds next, and the 
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solvent in a resist was dried. Then, it exposed with the mask as shown in drawing 1 using the KrF 
excimer contraction projection aligner. Next, PEB processing was performed in 100 degrees C / 90 
seconds, then negatives were developed using the alkali developer (Tokyo adaptation incorporated 
company make, NMD~W), and the resist pattern as shown in drawing 8 was obtained. 
[0140] The hole size of the obtained pattern and tooth-space size were 0.24 micrometers, 
respectively. Moreover, as a result of measuring the length of 15 in a 8 inch wafer side about hole 
size, the dimensional accuracy was **0.025 micrometers in a range. 

[0141] As the example of manufacture 3 1st resist, the resist pattern was formed using the 
consisting-of-t-Boc-ized polyhydroxy styrene and acid generator chemistry magnification mold 
resist (the Ryoden Kasei CO., LTD. make, MELKER, J.Vac.Sci.Technol.. B11(6) 2773, (1993)). 
[0142] Said resist was formed so that it might become about 0.52 micrometers of thickness by 
dropping and rotation spreading on Si wafer. Next, BEKU was performed in 120 degrees C / 180 
seconds, and the solvent in a resist was dried. Then, after carrying out rotation spreading of the S 
pay sir (the Showa Denko K.K. make, ESP-100) similarly as antistatic film on this resist, BEKU was 
performed in 80 degrees C / 120 seconds. Next, EB drawing equipment was used and it drew by 
17.4microC/cm2. 

[0143] Next, after performing PEB in 80 degrees C / 120 seconds, the resist pattern was developed 
using the TMAH alkali developer (Tokyo adaptation shrine make, NMD-W) which uses pure water, 
and exfoliates and continues the antistatic film. Consequently, about 0.2-micrometer EB resist 
pattern as shown in drawing 9 was obtained. 

[0144] an example of manufacture 41 L measuring flask — using — as the 2nd resist ingredient — 
the 20wt% water solution of polyvinyl-acetal resin (the S leks KW3 and KW1, Sekisui Chemical Co., 
Ltd. make), polyvinyl alcohol resin, and oxazoline content water soluble resin ( EPO cross WS 500 by 
NIPPON SHOKUBAI Co., Ltd.) — 100g of pure water was added to 100g, respectively, stirring mixing 
was carried out at the room temperature for 6 hours, and each 10wt% water solution was obtained. 
[0145] furthermore, a methoxy methylol melamine (- Cymel 370 made from Mitsui SAINAMIDO), a 
methoxy (N-methoxymethyl) ethylene urea, a hydroxy (N-methoxymethyl) ethylene urea, and 
N-methoxymethyl urea — to 100g, stirring mixing of 860g of pure water and the IPA40g was carried 
out at the room temperature for 6 hours, and the each about 10 wt(s)% water solution was obtained, 
respectively. 

[0146] the example 5 of manufacture — 200g of 10wt% water solutions and the methoxy methylol 
melamine of the polyvinyl acetal obtained in the example 4 of manufacture as 2nd resist ingredient / 
KW3 — A methoxy ethylene urea, a hydroxy (N-methoxymethyl) ethylene urea, (N-methoxymethyl) 
The mixed water solution which is four kinds whose concentration of a water-soluble cross linking 
agent [ as opposed to / carry out stirring mixing of 20g, 40g, and the 60g at a room temperature for 
6 hours, respectively, and / KW3 ] of the 10wt% water solution of N-methoxymethyl urea is 10, 20, 
and 30wt% was obtained. 

[0147] On Si wafer with which the 1st resist pattern obtained in the example 1 of example of 
comparison 1 manufacture was formed, after dropping and carrying out the spin coat of the mixed 
water solution of KW3 and a methoxy methylol melamine obtained in the example 5 of manufacture 
as 2nd resist ingredient, it prebaked in 85 degrees C / 70 seconds, and the 2nd resist film was 
formed. Mixing BEKU (MB) was performed in 120 degrees C / 60 seconds, and crosslinking reaction 
was advanced. Dissolution removal was carried out by carrying out quiescence washing for 10 
seconds, and next, washing the film non-constructing a bridge for 60 seconds with water further in a 
10wt% isopropyl alcohol water solution. Furthermore, it spin-dried and the 2nd resist bridge 
formation film was formed on the 1st resist pattern by performing postbake in next 90 degrees C / 
90 seconds. 

[0148] In this case, it is possible by changing the amount of mixing of a cross linking agent to control 
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the thickness of the bridge formation film formed on the 1st resist (Table 1). Furthermore, as a 
result of measuring the length of hole size by 15 in a 8 inch wafer side, the dimensional accuracy 
was **0.035 micrometers (Table 2). 

[0149] On Si wafer with which the 1st resist pattern obtained in the example 1 of example 1 
manufacture was formed, as 2nd resist ingredient, the mixed water solution of KW3 and a methoxy 
methylol melamine obtained in the example 5 of manufacture was prebaked in 85 degrees C / 70 
seconds, after carrying out a spin coat, dropping and, and the 2nd resist film was formed. Mixing 
BEKU (MB) was performed in 110 degrees C / 60 seconds, and crosslinking reaction was advanced. 
The 2nd resist bridge formation film was formed on the 1st resist pattern by carrying out dissolution 
removal, spin-drying and performing postbake in next 90 degrees C / 90 seconds by carrying out 
quiescence washing for 10 seconds, and next, washing the film non-constructing a bridge for 60 
seconds with water further in a 10wt% isopropyl alcohol water solution. 

[0150] On the obtained pattern, as 2nd resist ingredient, the mixed water solution of KW3 and a 
methoxy methylol melamine obtained in the example 5 of manufacture was prebaked in 85 degrees C 
/ 70 seconds, after carrying out a spin coat, dropping and, and the 2nd resist film was formed. Mixing 
BEKU (MB) was performed in 1 10 degrees C / 60 seconds, and crosslinking reaction was advanced. 
Dissolution removal was carried out by carrying out quiescence washing for 10 seconds, and washing 
the film non-constructing a bridge for 60 seconds with water further in a 10wt% isopropyl alcohol 
water solution. Furthermore, it spin-dried, and by performing postbake in next 90 degrees C / 90 
seconds, as shown in drawing 10 , the 2nd resist bridge formation film was formed on the 1st resist 
pattern. 

[0151] In this case, it is possible by changing the amount of mixing of a cross linking agent to control 
the thickness of the bridge formation film formed on the 1st resist (Table 1). Moreover, compared 
with the example 1 of a comparison, the thickness of the bridge formation film is understood that 
forming still more thickly is possible by processing twice. 

[0152] In 1-time processing, it turns out to the hole pattern of 0.27-micrometer size being obtained 
that the hole pattern of the same size is obtained twice by whenever [ lower than 1 time processing 
stoving temperature ] by processing using a cross linking agent concentration 10wt% solution using 
the solution whose cross linking agent concentration is 20wt(s)% as 2nd resist ingredient. 
Furthermore, as a result of measuring the length of hole size by 15 points in a 8 inch wafer side, the 
dimensional accuracy is **0.025 micrometers (Table 2), and when multiple-times processing is 
carried out, it turns out that the dimensional accuracy of the pattern obtained improves. 
[0153] 
[Table 1] 

m i 



(wt%) 




(urn) 


(si m) 


1[_1*_3_H£ 










mmmi 


mi&m 






0. 35 


0. 35 


0. 35 


0. 35 


0 


0, 34 


0. 32 


0. 31 


0. 31 


io 


0. 29 


0. 27 


0. 26 


0. 26 


20 


O. 27 


0. 23 


0. 22 


0. 22 


30 


0. 24 


0. 20 


0. 19 


0. 19 



[0154] 
[Table 2] 
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±0. 035 






±0. 032 




2®mm 


±0. 025 



[0155] On Si wafer with which the 1st resist pattern obtained in the example 2 of example of 
comparison 2 manufacture was formed, as 2nd resist ingredient, dropping and after carrying out a 
spin coat, prebaking was performed for the water solution of KW3 obtained in the example 5 of 
manufacture, and a hydroxy (N-methoxymethyl) ethylene urea (20wt%) in 85 degrees C / 70 
seconds, and the 2nd resist film was formed. 

[0156] Next, the KrF excimer laser aligner was used and it exposed to the wafer alternatively by 
exposure 5 mJ/cm2. Furthermore, mixing BEKU (MB) was performed in 120 degrees C / 60 seconds, 
and crosslinking reaction was advanced. Dissolution removal was carried out by carrying out 
quiescence washing for 10 seconds, and washing the film non-constructing a bridge for 60 seconds 
with water further in an isopropyl alcohol water solution. Furthermore, it spin-dried, and by 
performing postbake in next 1 10 degrees C / 90 seconds, as shown in drawing 1 1 , the 2nd resist 
bridge formation film was formed on the 1st resist hole pattern. 

[0157] On Si wafer with which the 1st resist pattern obtained in the example 2 of example 2 
comparison was formed, as 2nd resist ingredient, dropping and after carrying out a spin coat, 
prebaking was performed for the water solution of KW3 obtained in the example 5 of manufacture, 
and a hydroxy (N-methoxymethyl) ethylene urea (20wt%) in 85 degrees C / 70 seconds, and the 2nd 
resist film was formed. 

[0158] Next, the KrF excimer laser aligner was used and it exposed to the wafer alternatively by 
exposure 5 mJ/cm2. Furthermore, mixing BEKU (MB) was performed in 120 degrees C / 60 seconds, 
and crosslinking reaction was advanced. Dissolution removal was carried out by carrying out 
quiescence washing for 10 seconds, and washing the film non-constructing a bridge for 60 seconds 
with water further in an isopropyl alcohol water solution. By carrying out spin desiccation 
furthermore and performing postbake in next 1 10 degrees C / 90 seconds, as shown in drawing 1 1 , 
the 2nd resist bridge formation film was formed on the 1st resist hole pattern. 

[0159] On the obtained pattern, the mixed water solution of the 2nd resist ingredient was prebaked 
in 85 degrees C / 70 seconds, after carrying out a spin coat, dropping and, and the 2nd resist film 
was formed. Mixing BEKU (MB) was performed in 120 degrees C / 60 seconds, and crosslinking 
reaction was advanced. Dissolution removal was carried out by carrying out quiescence washing for 
10 seconds, and washing the film non-constructing a bridge for 60 seconds with water further in a 
10wt% isopropyl alcohol water solution. By carrying out spin desiccation furthermore and performing 
postbake in next 90 degrees C / 90 seconds, as shown in drawing 10 , the 2nd resist bridge 
formation film was formed on the 1 st resist pattern. 

[0160] In this case, it is possible by changing the amount of mixing of a cross linking agent to control 
the thickness of the bridge formation film formed on the 1st resist (Table 3). Moreover, compared 
with the example 2 of a comparison, the thickness of the bridge formation film can be formed still 
more thickly by processing twice. 

[0161] Thereby, in the case of 30% of cross linking agent concentration, in the exposed part, the 1st 
resist hole pattern size of 0.24 micrometers before forming the bridge formation film was set to 0.13 
micrometers, and has realized hole formation of alternatively different size by the part which does 
not perform 0.10 micrometers and exposure (Table 4). Moreover, by performing complete exposure 
before MB BEKU, compared with the case where it does not carry out, crosslinking reaction 
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advanced more and the bridge formation film was thickly formed in the 1st resist front face. 

[0162] 

[Table 3] 

3* 3 



(wt%) 


(v m) 


1[eJ*G^& 




Jt««2 


3IJ6W2 




0. 24 


0. 24 


0 


0. 22 


0. 19 


10 


0. 19 


0. 15 


20 


0. 15 


0. 12 


30 


0. 13 


0. 09 



[0163] 
[Table 4] 

* 4 







*«»J»ff (wt%) 


10 


20 


30 


JtKM2 


0. 24 


0. 24 


0. 24 




0. 18 


0. 15 


0. 13 




0. 16 


0. 12 


0. 10 



[0164] On Si wafer with which the 1st resist pattern obtained in the example 3 of example of 
comparison 3 manufacture was formed, the mixed solution of the polyvinyl-acetal resin KW3 
obtained in the example 5 of manufacture and an ethylene urea was used as the 2nd resist. 
[0165] Dropping and after carrying out a spin coat, mixing BEKU (MB) was performed for the 2nd 
resist ingredient for 1 15 degrees C / 90 seconds for 105 degrees C / 90 seconds on three kinds of 
conditions for 125 degrees C / 90 seconds, and crosslinking reaction was performed. 
[0166] Dissolution removal was carried out by carrying out quiescence washing for 10 seconds, and 
next, washing the film non-constructing a bridge for 60 seconds with water further in an isopropyl 
alcohol water solution. By carrying out spin desiccation furthermore and performing postbake in next 
90 degrees C / 90 seconds, as shown in drawing 10 , the 2nd resist bridge formation film was formed 
on the 1 st resist pattern. 

[0167] Furthermore, as a result of measuring the length of hole size by 15 points in a 8 inch wafer 
side about the pattern heat-treated at 125 degrees C from which the hole of 0.14-micrometer size 
is obtained, the dimensional accuracy was **0.022 micrometers (Table 6). 

[0168] On the pattern obtained in the example 3 of example 3 comparison, the mixed water solution 
of the 2nd resist ingredient was prebaked in 85 degrees C / 70 seconds, after carrying out a spin 
coat, dropping and, and the 2nd resist film was formed. Mixing BEKU (MB) was performed in 1 15 
degrees C / 60 seconds, and crosslinking reaction was advanced. Dissolution removal was carried 
out by carrying out quiescence washing for 10 seconds, and washing the film non-constructing a 
bridge for 60 seconds with water further in a 10wt% isopropyl alcohol water solution. By carrying out 
spin desiccation furthermore and performing postbake in next 90 degrees C / 90 seconds, as shown 
in drawing 10 , the 2nd resist bridge formation film was formed on the 1st resist pattern. 
[0169] Consequently, with the resist pattern after bridge formation film formation, the size of the 
tooth space in the bore of a hole pattern and the Rhine pattern, and isolated remnants pattern of 
0.24-micrometer size which were formed in the example 2 of manufacture is reduced, as shown in 
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Table 5, and a difference is accepted with the amount of water-soluble cross linking agents, and 

reaction temperature. From this, this invention is understood that control of the resist pattern size 

by crosslinking reaction is possible, also when multiple-times processing is carried out using the 

chemistry magnification mold resist which generates an acid by optical exposure. 

[0170] Furthermore, in hole size equivalent to 0.14 micrometers from which heat-treatment 

temperature was acquired at 125 degrees C by the example 3 of a comparison, as a result of 

measuring the length of hole size by 15 points in a 8 inch wafer side, the dimensional accuracy is 

**0.018 micrometers (Table 6), and when multiple-times processing is carried out, improvement in 

the dimensional accuracy of the pattern obtained can be realized. 

[0171] 

[Table 5] 





(/im) 
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m) 








JttfcM3 










0. 24 


0. 24 


0. 24 


0. 24 


0. 24 


0. 24 


105 


0. 20 


0. 18 


0. 19 


0. 16 


0. 19 


0. 16 


115 


0. 17 


0. 14 


0. 16 


0. 12 


0. 16 


0. 12 


125 


0, 14 


0. 11 


0. 12 


0. 09 


0. 12 


0. 09 


[0172] 
[Table 6] 




6 



















±0. 025 


it mm* 




±0. 022 




2®&im 


±0. 018 



[0173] On Si wafer with which the 1st resist pattern obtained in the example 2 of example of 
comparison 4 manufacture was formed - dimethoxyethylene urea mixed water solution which is the 
polyvinyl acetal / KW3 water solution, and KW3 and the water-soluble cross linking agent obtained in 
the example 5 of manufacture (N-methoxymethyl), A hydroxy methoxy ethylene urea, 
(N-methoxymethyl) N-methoxymethyl urea — KW3 and polyvinyl alcohol — a hydroxy 
(N-methoxymethyl) methoxy ethylene urea — resin — receiving — 20wt(s)% — each mixed mixed 
water solution was used as the 2nd resist. 

[0174] Dropping and after carrying out a spin coat, mixing BEKU (MB) was performed for the 2nd 
resist ingredient in 115 degrees C / 60 seconds, and crosslinking reaction was performed. 
Dissolution removal was carried out by carrying out quiescence washing for 10 seconds, and washing 
the film non-constructing a bridge for 60 seconds with water further in an isopropyl alcohol water 
solution. The 2nd resist bridge formation film was formed on the 1st resist pattern by carrying out 
spin desiccation furthermore and performing postbake in next 90 degrees C / 90 seconds. 
[0175] On the pattern obtained in the example 4 of example 4 comparison, the mixed water solution 
of the 2nd resist ingredient was prebaked in 85 degrees C / 70 seconds, after carrying out a spin 
coat, dropping and, and the 2nd resist film was formed. Mixing BEKU (MB) was performed in 120 
degrees C / 60 seconds, and crosslinking reaction was advanced. Dissolution removal was carried 
out by carrying out quiescence washing for 10 seconds, and washing the film non-constructing a 
bridge for 60 seconds with water further in a 10wt% isopropyl alcohol water solution. By carrying out 
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spin desiccation furthermore and performing postbake in next 90 degrees C / 90 seconds, as shown 

in drawing 1 1 , the 2nd resist bridge formation film was formed on the 1st resist pattern. 

[0176] Consequently, the bore and tooth-space size of a hole pattern of about 0.24-micrometer size 

which were formed in the example 2 of manufacture are reduced as shown in Table 7, and as for the 

amount of contraction, a difference is accepted by water-soluble cross linking agent difference. 

[0177] 

[Table 7] 

m 7 







Jt«M4 


MMW4 






0. 24 


0. 24 


0. 24 




0. 23 


0. 21 




KW3+(N-^h*2/^)^Vh^i^R* <20wt%) 


0. 15 


0. 11 




KW3+(N-^F^f/w)kKP^x^«3B (20wt%) 


0. 13 


0. 08 




**9t x*7*3-*+ {JH-tWstfndtV&tvm^f vvRm (20wt%) 


0. 20 


0. 16 




KW3+N-mwf/vmm (20wt%) 


0. 18 


0. 15 




113 i ^MI:KW3+ (N->Hr^fyP) VVM^xf (20wt%) 
2 teJ S (O&m : KW3+ (N-ft&tf/l) t V***/s.fVVmM (20wt%) 






0. 11 



[0178] On the pattern processed and obtained with the KW3+ (N-methoxymethyl) 
dimethoxyethylene urea (20wt%) in the example 4 of example 5 comparison, as 2nd resist ingredient 
The mixed water solution of a KW3+ (N-methoxymethyl) hydroxy methoxy ethylene urea (20wt%) 
which is different in the example 4 of a comparison was prebaked in 85 degrees C / 70 seconds, 
after carrying out a spin coat, dropping and, and the 2nd resist film was formed. Mixing BEKU (MB) 
was performed in 120 degrees C / 60 seconds, and crosslinking reaction was advanced. Dissolution 
removal was carried out by carrying out quiescence washing for 10 seconds, and washing the film 
non-constructing a bridge for 60 seconds with water further in a 10wt% isopropyl alcohol water 
solution. By carrying out spin desiccation furthermore and performing postbake in next 90 degrees C 
/ 90 seconds, as shown in drawing 1111 , the 2nd resist bridge formation film was formed on the 1st 
resist pattern. 

[0179] Consequently, by changing the ingredient of the 2nd resist used for the 1st processing and 
the 2nd processing shows that control of crosslinking reaction is possible. 
[0180] On Si wafer with which the 1st resist pattern obtained in the example 3 of example of 
comparison 5 manufacture was formed, the mixed solution of the polyvinyhacetal resin KW3 
obtained in the example 5 of manufacture and an ethylene urea was used as the 2nd resist. 
[0181] Dropping and after carrying out a spin coat, mixing BEKU (MB) was performed for the 2nd 
resist ingredient for 115 degrees C / 90 seconds for 105 degrees C / 90 seconds on three kinds of 
conditions for 125 degrees C / 90 seconds, and crosslinking reaction was performed. 
[0182] Dissolution removal was carried out by carrying out quiescence washing for 10 seconds, and 
washing the film non-constructing a bridge for 60 seconds with water further in an isopropyl alcohol 
water solution. By carrying out spin desiccation furthermore and performing postbake in next 90 
degrees C / 90 seconds, as shown in drawing 1 1 , the 2nd resist bridge formation film was formed on 
the 1st resist pattern. The result of having measured the length of the obtained pattern size is 
shown in Table 8. 

[0183] On the pattern obtained in the example 3 of example 6 manufacture, the mixed water solution 
of the 2nd resist ingredient was prebaked in 85 degrees C / 70 seconds, after carrying out a spin 
coat, dropping and, and the 2nd resist film was formed. Mixing BEKU (MB) was performed in 120 
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degrees C / 60 seconds, and crosslinking reaction was advanced. Dissolution removal was carried 
out by carrying out quiescence washing for 10 seconds, and washing the film non-constructing a 
bridge for 60 seconds with water further in a 10wt% isopropyl alcohol water solution. By carrying out 
spin desiccation furthermore and performing postbake in next 90 degrees C / 90 seconds, as shown 
in drawing 10 , the 2nd resist bridge formation film was formed on the 1st resist pattern. 
[0184] Consequently, with the resist pattern after bridge formation film formation, the size of the 
tooth space in the bore of a hole pattern and the Rhine pattern, and isolated remnants pattern of 
0.20-micrometer size which were formed in the example 2 of manufacture is reduced, as shown in 
Table 8, and a difference is accepted with the amount of water-soluble cross linking agents, and 
reaction temperature. From this, this invention is understood that control of the resist pattern size 
by crosslinking reaction is possible, also when multiple-times processing is carried out using an 
electron beam resist (Table 8). 
[0185] 
[Table 8] 

m 8 



anurias 

CC) 


(urn) 




(u m) 
















0. 20 


0. 20 


O. 20 


0. 20 


0. 20 


0. 20 


105 


0. 17 


0. 15 


O. 15 


0. 12 


0. 16 


0. 12 


115 


0. 14 


0. 12 


0. 12 


0. 08 


0. 12 


0. 08 


125 


0. 11 


0. 08 


0. 08 


0. 06 


0. 09 


0. 05 



[0186] 

[Effect of the Invention] According to this invention, in detailed-izing of the separation pattern of a 
resist, and a hole pattern, the detailed pattern formation approach using the charge of detailed 
separation resist pattern formation material and it which make pattern formation exceeding a 
wavelength limitation possible is acquired. 

[0187] Thereby, the diameter of a hole of a Hall system resist pattern can be reduced 
conventionally, and the separation width of face of a tooth-space system resist pattern can be 
reduced conventionally. 

[0188] moreover, the tooth space by which detailed separation was carried out on the 
semi-conductor base material, using as a mask the detailed separation resist pattern which carried 
out in this way and was formed — or hole formation can be carried out. 

[0189] Moreover, the semiconductor device which has the tooth space or hole by which detailed 
separation was carried out by such manufacture approach can be obtained. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 11 It is drawing of the mask pattern for explaining the resist pattern formation approach of 
the gestalt 1 implementation invention. 

fDrawing 21 It is a process flow Fig. for explaining the resist pattern formation approach of the 
gestalt 1 implementation invention. 

fDrawing 31 It is a process flow Fig. for explaining the resist pattern formation approach of the 
gestalt 1 implementation invention. 

fDrawing 41 It is a process flow Fig. for explaining the resist pattern formation approach of the 
gestalt 1 implementation invention. 

fDrawing 51 It is a process flow Fig. for explaining the resist pattern formation approach of the 
gestalt 2 implementation invention. 

fDrawing 61 It is a process flow Fig. for explaining the resist pattern formation approach of the 
gestalt 3 implementation invention. 

fDrawing 71 It is the 1st resist pattern in the example 1 of manufacture. 
fDrawing 81 It is the 1st resist pattern in the example 2 of manufacture. 
fDrawing 91 It is the 1st resist pattern in the example 3 of manufacture. 
fDrawing 101 It is the 2nd resist pattern in examples 1, 3, and 6. 
fDrawing 1 11 It is the 2nd resist pattern in examples 2, 4, and 5. 
[Description of Notations] 

1 1st Resist, 1a 1st Resist Pattern, 2 2nd Resist, 2a The 2nd resist, 3 A semi-conductor substrate, 
4 The bridge formation film, 4a Bridge formation film, 5 A mask, 6 Exposure, 11 The 1st resist, 1 1a 
The 1st resist pattern, 12 The 2nd resist, 12a The 2nd resist, 14 Bridge formation film, 21 The 1st 
resist, 21a The 1st resist pattern, 22 The 2nd resist, 22a The 2nd resist, 24 Bridge formation film, 
24a The bridge formation film, 25 A coat, 45 A resist pattern, 46 A length measurement location, 51 
Mask patterns 100 and 52 Mask patterns 200 and 53 Mask pattern 300. 
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D-@T'feS 0 04 (a) ~ (c) Olgli, 03 

(a) ~ (c) tmmxfrz, 

[0 0 9 6] SUIE^irou^^ h'<? — >C>±.\c8t<Dft 

i£icx.<o%mKfczmz-f%2<D\s^x h^ni 
s 

HI 4 (c) (DkolZ. %2<T>\/*y*Ym2$:M$L\_tz.1k 
50 t % H4 (d) iC^i-iytr, i|ij»flcSffi3<0-ei5S:« 



(10) 

17 

y/OgiSfc|± iife5l>|iK r Fi^-v/t, A r F 

SU©^* a'plwilSrSS^S-tira. eft 

l-<t •? , 0 4 (e) fc*+J;3K, *#$*ifcSR$H;:*5 
I^T* Hi ©l/v^ h 1 a \Z.m-tZ>flL2 Visit* h2(D 

[0 0 9 7] ^Og(Oi4 (f ) ~ (i) OlgB. 0 

3 (f) ~ (i) <DxutmmT'hz<DX\ wnitG® 

10 

[00 9 8] roj; 04 (i) IC^-tXo 

a±[c5Stg^4*5J;a { 4 a fr&jftU 

[0 0 9 9] r©J:5i»^*fttJ:^rf, ilS&Uft 
[0 10 0] gl±. JNfft:Ste3±taai»JltUi?^h 

loioi] r<D±5l-, i^x 30 

[0 1 0 2] **Wlij3l^TI±» ±*©±9l^(j£Lfc 
T'$>-5„ 40 

[0 10 3] Hte?>jgji2 

H5it« z\<o%w(Dmm<DBm2<D'fomftMi'i'x v* 

* - tr IftP^-f 5 fc ft (75 7° p ± * y □ - HI T- h 

5„ @143itJt|a5Sr#figLT, Z.<DMM<D&m2<D$L 

wan* * - ><DB!8.jjm& tvrMiv^fin^g 

[0 104] IgiroU'^ Mcifj^SfrS^iitilS: 
15 (a) !-^-TJ;9l'. *«ftSS3l^ rtgpic^ 
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gl©7*hl'^Hl7'!)'<-^ (7 0-10 

oxix 1 lamtommm) zmvtzm, tztz.a. k t 

(El5X-tt€B&) „ 05 
(b) HZ. 0 LXMl&£tltz&l<DUz/X h<D'<?-^ 
11a £r^-f „ 

[0 10 5] ;;t*5^i?)^ h 1 i<Dttmt 

[0 10 6] r<7>^. &KKj£Xt\ PEBi&f (10 
~ 1 3 OTC) T'MgU 7* h UisX hW»tftS*lS) 
Jb£-fr7i&. TMAH<0«2. 3 8 %*8*j8jK&J8l^ 

[0 10 7] ;ot, £>g(-JS hf^D j/ 

5. £Lhtt> S^tt^ h 1 1 *rfflv*&£^5£«: 

* £ i 5 US**- 1» - >c7)fM £ I^^T-fc 5. 
[0108] niimmi<oui/xh;<?->(D±izm<Dlf 

05 (b) a 5 ( c ) t*tj;9 

l^J(-^*tLfc^2CC»Uv'^ h 1 2^^-f5„ 

[0109] :rtfflv^5f2<oi/^ n 2<otmis 

[0 110] I2©1/-^M2 O^fi^, 
[0111] HiJE^lcO^^^. h^? — >^?D(D®fC»fit 

^fdJ:i9su|fi^2(7)L'v t ^ hOitUteSli©^* 

@5 (d) IC^-TJ; 5 *#*S«3 5rift^a (6 0 
~130t) U ilOU^Mlal^^fT 

©$10^ Mia £offffiTSg*Ei£:^ier$« 
5„ ^1©!/^ H la ^MS-TSip 

t-^tiEJC^^^ Lfc*«gl 4^^2(75Uv : X h 1 2 

its. 

[0 112] BWEJ(S2©U^ h 

lMi*SttW«*li«)*S?SS:ffl^TS«*l|||LT»2 
0 5 (e) 1^1- J; 9 {C, ilOl/-^ KSr^f L^Cl^ 
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[0 113] d©^©^* h-'^-V^MtSI 
StrttftBll9iEi-XS 

£?>lc x 05 (f) fc*1"J:3fc. ^WfcSffii Jtlc:, 

V s * h 1 £»#Lfc^*fc5^li*U:*igtt©W*i&jK 10 
(tztz-ti. 4v7°u;<j-,\,) Srlll*.fcS£*#C* 

8?£ft;fc^2©Uv?.* M 2 a £M7R-f 5„ 
[0 114] 352©!/^* hCD^*^ffitt. 

h»a«f^ia* (x^s/f^^) i-^r<bicj;9 

[0 115] I2©1/-/^ h 1 2 a ©g^g. 

It), $2tf)^ MI2 a SrJfM-r^o 20 

[0 1 16] @5 (g) fc*1"J:5K:. ¥3NM£Kll:: 
JK/S^ix/cgn BkyX h-A?* — y 1 a fc x Z<D±\Zj& 
f&£tltzWi2(DUi/* h 1 2 a £ £ijQfBi*>l§! U=*» 

U H©^h/^-yiiaj5J:0!5g 

2 a U *2©V$?* h©Mfi§Rl 4 £S?2© 

fi?* h 2 a t©#ffi|ci^T, aSfiSKJS£3S±$-£ 
5o rcS^CMBlft/^Btt, fc£x.f±\ 8 5-1 
50t/60~120#T-foO > l^v^ b$t*4© 

S®, &££-J-3R£JI©JP*£,J:«K ftStt&ttfrft 30 

[0 117] orid, 0 5 (h) I^1-«t9«^ Si© 
i^*hS:«*U£i»*i*S]4©W«»«E (fc£^ 

M 2 a ^rfilSii-er ttiot, &f£Rl 4a^l 
hSr»fl[-f5J:9l-^i-5. £LL©&ai;: i 

fcS. 40 
[o i i 8] MzM-tzj y7us</—/u<DMm** i 
~ 3 0 w t %U&.(Ol&fflX'WffeTtiti X < , S 1 co -y 

10 119] ^|;, (f) ~ (h) ©&a£8?9 5E1- 
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[0120] «±©J:5C, r©Hjfi©^S2ic*sit5 
i^* hill 1 aft^StSr^trJ:5K:H»$ 

£LTii« */u#vst*oe^iti^asff«i-e*>5 
[0121] itz. ::©»»#« bs<?-y£. 

mx-hz. 

[0122] nrnmm 3 

01*5<ttJ ; 0 6^#B8LTrcO||JS£cO^*|3£O'(lS 

[0 12 3] ^l©i/^7 hfc±9¥W#S«±K*& 

06 (a) te*i\fc 5 fc. 3 gl©7t 

h l/v?^ h 2 1 Sr^fi-r-S. f§ 1 ©l-v'* h 2 1 (^7° I) 

^-M7o~ioott-i %u&<Dmim) Ltz 

@L %\(T>Ws* h 2 KOftS3tjfifitlECT. fc£x. 
tf. g$£, ifeli i I, £>5l^2K r Fx^f-yvu- ff 

(0 6^T'«0^^ISLT^S) „ 
[0 12 4] i&glOSCT. P E Bi§S (10-13 0 

TMAH(D|)2. 0%*R**»SrfflV>^|fti-5. 0 6 
(b) fi N r 5 LTJfM$^fcSi©i/> ; x h©/<^ — 

V 2 1 a ^riFi". 

[0 12 5] Mtlti:^ hf^n 

-<-^Srff 9^tfc5o -©^a^©5=3r->y^ 

^fcisu^^ h/tf-^nWffSLtmmxhZo 
[0 1 2 6] BUte^lOU-^X h^^ — >-©±tc^©# 

s 

0 6 (b) ©^^-V'JKjsRa, 0 6 (c) (c^ 
tt±i\ 3©»^-©BH4Saii. W«KK. ftlS 
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10 12 71 Z<DXmiZtS\,*X. 8t&MSl<0l'-SX Y<D 

R 2 5 ft 5. w©^, £5fcJEX-Cte*£JHi^ 
T V (06(d)). 

(0 12 8] mifBIg 1 OU>^ h/<^->A»P>cO^(Dgt 

06 (e) |d^-fJ:5l-, |l©i/^h/^->2l 

Il»i/y^ h 2 1 SrS«U<ev^fl!tSa»SixfcSS2 io 
CD Ui>x h 2 2 ^S*1"5„ 

[0129] rrtfflv^l2©i/^ tmmj&iskxf 

■tosnii. ms^ffiiT-^fctco^^^t^ 

K£C ^2roi^v>^. h 2 2Sr7 p y'<-^-f--5o 

10 13 0] oflc, 06 (f) fcjjc*-J:5fc, 
S«3«rSM&S (6 0-1 3 or) LTflSfiki-^S-fT 
V\ ^ 1 <DUi/7 h 2 1 a 74^<7?^<7)<&|&T-g5 2e7>lxv; 2 0 
^. hCO 2 20l/-^ F21 CO^l 00 U^^. h 2 1 a tC75 

4^2©^ h 2 2<P\cMf&£ti?>» 
[0131] wifiWi2(Dl'i>X h<D#%km®ft*ykhZ 

0 6 (g) lc^-f «fc 5 Ic. »1©US?* hSr&fllLfcH 
*i*»tt*r«M§«E (fci:x.tf, ^y^n/V-^) co 
8£-S»-Cife£U TKT'gfejf-f-S^tl-J; 1 ?. 30 

WEI:: J: 9. *-;M*?&4fcr±#llll*B$:«/K *>Sv* 

[0 13 2] roSf^WUv?* h/^-V%)gf)ct5I 
0 6 (h) ~ (j) l^-t&a^tTprilcJ; 

(10 5 (f) ~ (h) i^i-jaatPCTfcs^ft, 
afcKWtt.SB-rs. 40 

[0 l 3 3] WJiroi^lc. rroHft(OJBS3CJ:H 
XSSr^Sfc-Br-f, II©^ V'<*->2 1 a ±K 

BiaasrifeL. m&mictvmztiti&zitxmmi-zt 

[0 13 4] itz. ZMiilzLXMi&LltWH&Mi' 
#«<o*»«tSfi±I^JKricL, 3ft 
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til, BUlBSJ£<0^lilfc<tU ? 2i:l^aiT*fc5„ 
[0 13 5] 

immm] mmm 1 

[0 13 6] mtZ^i/X b&S i £^±|.LjgT\ @f£ 

#*£8 5^/7 O^X-fV^-^i^K Is&XhW 

V\ 01 IC^-f-i 9^^^T-S3tL^« o#*|C. 12 
0t:/7 0#T-PEB*aa^ffV\ Iw^T, T/^!)m 
4fe$ (Ma&it («) » N NMD 3) Srffl^rmftSrtT 
l/\ 0 7 IOtH" <t ? X^ol^y/ h^*- 

[0 13 7] '&btl±/<? — l/<D*— /Hf-fX, X^— 
XlN'Xfi, -£ft^*ft0. 3 5 umXh^tz. l£tz, * 
-yi'^Xlr-o^T, ^^i-^BrtcD 1 5/&£;$iJ 
*Lfc^m« -^^ffiffiSli. ls>i?-?±0. 035m 
mT'fcofc, 

[0 13 8] Mig^j2 

(J0iaS:ffcHc5fc#ttS) 5rfflt\ us^h^-^frJB 
rtLfc. 

[0 13 91 bmIE1/^x hSrS i -7o:/N±|C}gT, 0te 

?t9 0t/9 0#T*7*!)-<— \ K't'tO 

**«r««**t D «£^T, KrFi^->vi/)«I 
*^g£ffit^T, 01l-^-rj;9^-7^^T-|l5tLfc <> 

1 0 0XV9 0#T*PEBiO;a^tTV\ 
T, TJUfi'J^m (MM&im*.&VM* NMD — 

W) Srfflt^rai64:ffv\ 081^1" J; 

[0 14 0] #t>ft/b/<* — /I't'fX, 
x-i)-^X{i x -tlveflO. 2 4/imt-fc-3t 0 if;:, * 

*Lfcfe*. *©-+i£»Sl4U'V^T±0. 0 2 5/im 

[0141] Sig^J 3 
^1 Ol/-^ h t LT. t -B o cikXV t Kd#->^. 

(SMitf&^tM. MELKER, J.Vac.Sci.Technol. ,B 
11(6)2773,(1993)) ?rffll/\ 1/-^ -^SrJgfiJc, L 

[0 14 2] mifeu-/^ <7^_h^?&T, EG 

"9BIff^0. 5 2ymt/£?>i9l;^RLfc 0 
o^*{d. 1 2 0t;/l 8 0|^T"<-^SrfTV\ h 

mm±mtLx^7-i^^— (BBft*iasg, esp- 
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ioo) *mmzLT®mm.mvtzi&, 8 or/120 

1 7. 4 p. C/cm 2 T'ffiia^tTO/t 0 
[0 14 3]o^ 8 0t:/l 2 0fK'PEB5r!To 
l«7K^ffl^T^mK±^fim KTMAH 

7^*v$i&m mizfoimm. nmd-w) zm^x 

[0 14 4] 

1. (ft) s?) , #y f-;ur^3-/utttm. 

**-y-y*y y$G7km&mm (B*mm (mm ^ 

^^WS 500) © 2 0 w t %*jgj£©-We*L 1 0 
0 g 1 0 0 g SrJnx, liSf 6 ftRftftS^- U 

%tl?tl(D 1 0 w t %*»?|S£8fc 0 
[0 1 4 5] ZblZ, p< f^fa-Wy * V (= 
KttK • 1M'*JU3 7 0) „ (N-^ 

A-) t Ka^v/xf uyg^ N — /• h * ^RsJl 
WM'illOOgl;, «*8 6 0 g> IPA4 0g£ 
^fiJCT 6 mrfflft^SS- U **L-Pft©» 1 0 w t %© 

[0146] 5 

S2©^7 htff^LT, git^ij 4 Tiffed y 
7ir^-;w/KW3«l 0wt°/o«i2 00gi^ F 

h*->^;U) t Ko=Sr-> 
N-^h^f/^f©10wt%* 
tS©Wtl2 0g, 4 0g. 6 0gt^Igf6B| 

ra*ffzs^ u kw 3 5*«ttjett»i©«« a« 1 
0, 20, 3 0w t%T'hz>4mm(D&&&mmz® 

[0147] tfc^gfij 1 
Kigali 1 T'#/c^ 1 Ol/y7 k^- $ jlfc S 

S:fiTLT^e>3-Hfc^ 8 5t/7 0§'T7'y 
%2<DUis* hR&Jg&Ufc. 120°C 
/60fK-U-»^-7 (MB) «rfrv\ 3?ti£K£: 
SriitTS-frfc. ofic, *3KaR*i ow t%^yyn 

t'/vr^zj -Arxmm-e 1 0 &ra»iti5fej* u £ e> k# 

T* 6 0 fj.f B m#-f 3 r t <fc <0 mmmH Ltz. £ <b IC * 
f^fSfii. j£< 9 Ot/9 OSrC'tf* h^-y-^fr? w 
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[0148] mffiM<Dm&m:£mz.z>z\ t\c 

<JH"5r £#pia§T-fc5 (Si) . £^ 8^>^-7 
-+ffi»IEtt» ±0. 0 3 5 /imT'ijofc (i§ 2 ) „ 

[0149] mmm 1 

S?i&0J 1 TfcfcfS 1 <r> u- b - ym$& £ titc s 

10 IrST, ^^-FLfcf, 8 5t/7 0ff7*!i'< 
%2<DUi?x MJ££ffML7c. 1 1 0*t/ 
6 OtyX-Ztcisyy^-? (MB) £f?V\ 

mntsittz. o#*t, #%igig& 1 0 w t %^ y /d e 
6 0 &raimir z^t^j:*) mmi&£ lt, * t° 

j^. IS< 9 ot/9 0S>T*#* h^<—?£fif 5 

[0 15 0] t»£>ilfc/-«*->_hfc % f201/-^ h*f 
20 f4iLT, »iSW5T-^fcKW3 t / b^r^/^a-jU 
* 7 I XDfe-frfcmffi&jfaT. * h L/c^ N 8 

5*C/7 0#T-/y-<-^^fft,\ *2©U-^HRS: 
JfML/c. 110t/6 0tt-^yy^-7 (M 
B) 3S«KJCSriifTS-&fc. #3B«BI£l0w 

t%-Y V/p tVU7/P=r-^*^T'l Of^^ih^ 
L N ?bl:*T6 0g?ra^i"5 rtlui ») L 

fc. $ bJd^tr^iai. m< 9 Ot/9 0#T-#x h-< 

-?£'fT0Z\ kick*) x mi 0{C*-fJ; %1<DU 

b;<?-y±;\zm2<Du^7. b^ffimzBf&Ltc* 

30 [0 15 1] :©1^, *«»]Oig^»4:^xL5rikl 

^TjRttRO**-!*, 2@j!aa-r5- < ! : (;j ; ij$p 3 ( Cff 
[0 15 2] 1 B&awS^tll. ^2(75 US* hum 

t Lxwtmwi&.&2 ow t%<Dmm&m^x, 0. 2 
@^sTii, temmmm 1 o w t 1 0 

I4 V ±0. 0 2 5 nmt'fc5 (»2) , SSc0^aLfc 

[0 1 5 3] 
[*1] 
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(14) 
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(wt%) 


(/i tn) 




m) 




















0, 35 


0. 35 


0. 35 


0. 35 


0 


0. 34 


0. 32 


0. 31 


0. 31 


io 


0. 29 


0. 27 


0. 26 


0. 26 


20 


0. 27 


0. 23 


0. 22 


0. 22 


30 


0. 24 


0. 20 


0. 19 


O. 19 



[0 15 4] 



* [12] 
2 













±0. 035 






±0. 032 


2HS«l 




±0. 025 



[0155] tiMm 2 
m&M2X'%tc%\<ni' ; sX h'<9->#Mjfc£tit:S 20 

i t*^±lC^ ^jg0H5T*#fcKW3 i: (N-y h3r-> 
t Kp*yif (2 0wt%) <Dikm 

Wi*%2<Ol>i>* YttfttLXffiT. Xf>=.-hLfc 
ft, 8 5t/7 O^T^JJ^— *«rflV\ |2©l/^ 

[0 15 6] Kr Fx^yv^ff^gglr 

fflV vT , BSft* 5 m J / c m 2 T*S*?W(- £ i ^iH 8ft 

* (mb) *trv\ &tgra&£iiff£-fr/c 0 itwim* 
s h icTkx- 6 ommw-tz z. t c x <o ®m&3k Lfc„ 

Sbt^f ^< 1 1 01C/9 0S>f#* h^<- 

[0157] Hite^'j 2 

i **/xJbfc. Sjgfi>iJ5T-#fcKW3 t (N-* 
/=f-/U) t KD^r'^f L'Vll (2 0wt%) O^jg 

8 5t/7 0©T'7 , !;-<-^SrfTV\ S2<7)l/y7 

[0 15 8]o#*l^ K r F^dr>-7U— tf-'SftgSSr 
ffl V »T» RB.Wft 5mJ/cm ! T'Jii^tr £ ^/McSft 
SrtTofc. St>fc, 1 2 0*C/6 0f2>T'5 ^->>i/^- 

* (MB) £ffi>\ 

-fyyn tvuT/u=>-/w*i$jKT- 1 of^rasiitacjf u 
Sfei^tvftiftU gc< i i ot)/9ogn:*7K* 



L-tz 0 

[0 15 9] mbtltz'<?->±\C^ m2<Dl-VX htt 
*4©«^*»ffiSr«T, ^k'>3-Mfef, 8 5t/ 

7 o*rt*yy-<-?£m\ S2©i/^hi«L 

fc„ 1 2 0t/6 0fK'?*->V^-^ (MB) £fr 
v\ 3?tSSJ££iS*T$-tt:fco 1 0 w t °/W y 

y d tVUT/V3 -A-**«T- 1 0 #IH».ltifei* L, £ *b 

i^*T' 6 o ®mfcw-r*> ^sm* l*:. $b 

fTp-if-i'S, 01 0{c^1-J; 51-, ^lw^h 

[0160] z.<om&. mmmvM.&mzmz.zztic 

»i-5Cli36J^r«6-e*)5 (S3) . £fc, tfctfc0j2Kifc 

[016 1] ^tUc±D, *ttBIS:«iSi-5lfiro*l© 
0. 2 4 y mCDU-v^ h*— /W<^ — ^-fr^ Xfit, 

ai«S3o%«>»g-iitt. fr*srffofcs»»-ctto. i 

4) . ttz, MB-i-^BUJC^BiiTt^tf 3 ZtiZX 

[0 16 2] 
[«3] 



(15) 
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3 
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2 9 8 3 5 6 



(wt%) 


m) 


1®&S& 




it«E^2 






0. 24 


0. 24 


0 


0. 22 


0. 19 


10 


0. 19 


0. 15 


20 


0. 15 


0. 12 


30 


0. 13 


0. 09 



10 16 3] 
[S4] 



10 



m a 







&M£#J&£(wt%) 


10 


20 


30 


tt&0!2 


0. 24 


0. 24 


0. 24 




0. 18 


0. 15 


0. 13 




0. 16 


0. 12 


0. 10 



[oi64] )tmm 3 

[0 1 6 5] £2© US?* htm£»T, *fc">3-h 
Lfc&. 10 5^/9 0^ 115t/9 0^ 125 
t/9 OgNBBB&flJ&ttT* ^-»^-<-^ (MB) 

[0166] o#*K, #&fi§8f W y/o tVPT/un- 
l 0 ffrWfSHtifei* U S iCTkT- 6 o &M% 

fK 9 Ot/9 0S>T*#* h-i-^Srffpr kizi.*). 

m i oic^-fi 9 Ichiro uv?^. Y'<*—^±.\z%,2<r> 
isifx hMmtMflLLIt. 

[0167]$ibl- x 0. 14jimt^X©*-/^!f 
bit it 1 2 5"C-Cln»*B«Lfc'<* — Vfco^T* 8* 

■t«0-+SM*&H\ ±0. 0 2 2 nmT*feofc (86) 0 
[0 16 8] ££09 3 

<75S"§-*iti$£jgT> hLfcBK 8 5t/7 40 

fc„ 1 lSt/eotf^y^^-? (MB) 



e*TA'=i-A4dtm-e 1 0 fMHJM:ft& U $ <b 

t^f>ftj!ftU i<9 0t/9 0&T'^h-c-^?r 
tTpr^(r.J:>). 01 0{C77<-ri h 

[0 16 9] tog*, «»«2T»*LfcO. 2 4/i 

rco^ir^b, #8*]fi, *flBW^J:t»ltS: 

[0170] £ bfd, ltt&033 T-jtaffft&SfigriS 1 2 5 
"CTifbixfcO. 1 4 jim£|^»;fc— ^iH'Xfcjol^ 
T\ 8^ yf^i/* 1 A-lH'X&fflgL 
fcg*, ^W^-ftmSJl+O. 0 18praffci5 (^ 
6) , a»@«! : aLfc»-&^H:^e)ii5^^-i/0-+jfe 

[0171] 
[*5] 
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29 30 

m 5 



CC) 


m) 


(/x m) 


(v m) 




5MBW3 


ittfc«3 


mi&m 








0. 24 


0. 24 


0. 24 


0. 24 


0. 24 


0. 24 


105 


0. 20 


O. 18 


0. 19 


0. 16 


0. 19 


0. 16 


115 


0. 17 


0. 14 


0. 16 


0. 12 


0. 16 


0. 12 


125 


0. 14 


0. 11 


0. 12 


0. 09 


0. 12 


0. 09 



[0 17 2] 



*10* [S6] 
^ 6 







-*ffc«£(,im) 


mmm2 




±0. 025 






±0. 022 




20*191 


±0. 018 



[0173] it&m 4 * 

m&m 2 -e^fcss i © h / <^->a«»jjssiifc s 
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